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of their ability to execute diverse func-
tional  activities  including  phagocy-
tosis,  matrix  degradation  and  tissue 
remodeling, and production of growth 
factors,  cytokines,  and  chemokines. 
However,  the  observations  of  Zhu  et 
al.  (2006)  suggest  that  these  infiltrat-
ing cells may also provide the cellular 
signals  for  local  expression  of  genes 
otherwise  repressed by sex hormone 
receptors.  Using  breast  cancer  cells, 
the  authors  demonstrate  that  IL-1β 
reverses  E2-mediated  repression  of  a 
limited  number  of  genes,  some  with 
relevance to reproduction, by interfer-
ing  with  the  N-CoR/TAB2/ERα  com-
plex. Functional “switching” of cellular 
responses  to  natural  hormones  by 
inflammatory cytokines is an attractive 
model  with  direct  relevance  to  vari-
ous reproductive events. For instance, 
uterine  quiescence  during  pregnancy 
is  dependent  upon  progesterone-
mediated  repression  of  genes  that 
encode proteins associated with mus-
cle contraction. However, transition to 
muscle contractions during labor does 
not  require  a  fall  in  circulating  pro-
gesterone  levels but  is  invariably pre-
ceded by an influx of immune cells into 
the myometrium and cervix and  local 
expression  of  inflammatory  cytokines 
(Mendelson and Condon, 2005). Pre-
term  labor  is  now  widely  considered 
to  be  an  inflammatory  disease  that 
accounts  for  the majority  of  neonatal 
deaths. Hence, by lifting the veil cover-
ing a hitherto unrecognized molecular 
mechanism, Zhu et al. (2006) have set 
new  challenges.  None  of  these  chal-
lenges is more important than translat-
ing this new molecular information into 
more effective therapies for hormone-
dependent  cancers  and  common 
reproductive disorders.
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Genomic imprinting is an essential epigenetic process that controls the size of seeds in 
flowering plants. In Arabidopsis, DEMETER activates the maternal copy of the imprinted 
MEDEA Polycomb gene. In this issue of Cell, Gehring et al. (2006) demonstrate that this 
activation involves DNA demethylation of MEDEA by DEMETER. Remarkably, they also 
find that silencing of the paternal MEDEA allele is independent of DNA methylation and is 
controlled by maternal expression of MEDEA itself.In  flowering  plants  and  placental 
mammals, some autosomal genes are 
expressed  only  from  their  maternally 
or  paternally  inherited  copy.  These 
unusual  genes  are  called  imprinted 
genes  and  play  important  roles  in 468  Cell 124, February 10, 2006 ©2006 growth  and  development  (Constân-
cia  et  al.,  2004;  Autran  et  al.,  2005). 
In  plants,  imprinted-gene  expression 
seems  to  be  confined  to  the  endo-
sperm, which originates from fertiliza-
tion of the central cell—a diploid germ Elsevier Inc.cell—in  the  female gametophyte. Fer-
tilization  of  the  adjacent  haploid  cell 
by  a  second  sperm  gives  rise  to  the 
embryo proper. Thus,  two  fertilization 
events generate a seed with a triploid 
endosperm and a diploid embryo (see 
figure 1. comparison of Imprinting in Plants and Mammals
(Left panel) Imprinting in flowering plants appears to be restricted to the endosperm, a nurturing tissue that does not contribute genetically to the next 
generation. Imprinted expression (at genes such as MEDEA and FWA) arises through removal of DNA methylation (yellow circles) by DEMETER (DME) in 
the central cell of the female gametophyte. After fertilization, this conveys maternal expression in the resulting endosperm. Whether there is imprinting in 
the egg-derived vegetative tissues (the embryo) is unknown. Both sperm are derived from the same flower.
(Right panel) Placental mammals have a cycle of imprinting in which DNA methylation is essential. Depicted is the most common example of an imprinted-
gene locus with a maternally derived methylation mark (only some “imprinting control regions” have paternally derived methylation). Following fertilization 
of the egg and after birth, maternal methylation is maintained in all of the somatic lineages of the embryo and mediates imprinted-gene expression. In the 
developing germline lineage, however, there is erasure of the imprint to allow subsequent establishment of new imprints for the next generation.Figure  1,  left  panel).  The  endosperm 
provides nutrients to the embryo dur-
ing  seed  development  (Autran  et  al., 
2005). In contrast, imprinting in mam-
mals  occurs  both  in  the  embryo  and 
in extraembryonic tissues such as the 
placenta.  However,  several  mouse 
genes  are  imprinted  only  in  the  pla-
centa,  the  functional  equivalent  of 
endosperm.
It  remains  poorly  understood 
which  epigenetic  mechanisms  regu-
late  imprinting  and  whether  these 
are  comparable  between  plants  and 
mammals.  In  both  kingdoms,  how-
ever, DNA methylation  is essential  for 
imprinting. In mammals, DNA methyla-
tion marks are present at key regions 
that  control  imprinting  (Figure 1,  right 
panel). These marks are established in 
either the female or the male germline 
by  a  specific  de  novo  DNA  methyl-
transferase. After fertilization, they are 
maintained  throughout  development 
in  all  the  somatic  lineages.  However, 
they  need  to  be  erased  and  reset before passage to the next generation 
to allow establishment of new imprints. 
This crucial step occurs in the primor-
dial  germ cells. Although  the mecha-
nism that removes DNA methylation in 
the primordial germ cells  is unknown, 
this seems  to be an active demethyl-
ation process.
Unlike  in  mammals,  imprinting  in 
flowering  plants  is  not  established 
by  acquisition  of  DNA  methylation. 
Rather, endosperm-specific imprinting 
in  plants  could  arise  through  specific 
demethylation  in  the  female  gameto-
phyte, where DEMETER (DME), a DNA 
glycosylase, is believed to be the main 
player  (Choi et al., 2002; Kinoshita et 
al., 2004).
The Polycomb group gene MEDEA 
(MEA) was the first-identified imprinted 
gene  in  Arabidopsis  (Kinoshita  et  al., 
1999).  This  essential  gene  confers 
maternal  control  over  seed  develop-
ment,  partly  through  its  effect  on  the 
MADS-box  gene  PHERES1  (PHE1) 
(Köhler  et  al.,  2005).  Before  fertiliza-Cell 124, Fetion, DME, whose  expression  is most 
predominant in the central cell, induces 
maternal expression of MEA, which  is 
maintained in the endosperm after fer-
tilization (Choi et al., 2002). This impor-
tant finding suggested that DME could 
bring about a somatically heritable mark 
in the central cell.  In this issue of Cell, 
Gehring et al. (2006) take a major step 
forward  in  addressing  the  underlying 
molecular  mechanism.  They  demon-
strate that DME excises 5-methylcyto-
sine  in vitro and  induces  loss of cyto-
sine methylation at  the MEA maternal 
allele  in  vivo.  DME  acts  at  all  plant 
DNA methylation sites  (CpG, CpNpG, 
and CpNpN). DME also has a thymine 
DNA glycosylase activity in vitro, which 
seems  less  important  in  vivo.  These 
findings nicely complement the recent 
discovery  that  DME  also  induces  the 
maternal  activation  of  another  Arabi-
dopsis imprinted gene, FWA, by antag-
onizing the action of DNA methylation 
(Kinoshita et al., 2004).
The  emerging model  for MEA  and bruary 10, 2006 ©2006 Elsevier Inc.  469
FWA  imprinting  is  that  it  arises  by 
removal  of  repressive  methylation  in 
the central  cell prior  to  fertilization by 
sperm (Figure 1, left panel). This active 
demethylation  is  achieved  by  DME, 
which  cleaves  methylated  cytosine 
bases  from the DNA,  thereby activat-
ing  the MEA  and  FWA  genes.  After 
fertilization  of  the  central  cell,  the 
maternal MEA and FWA alleles remain 
active in the endosperm. However, the 
endosperm does not transmit genetic 
or  epigenetic  information  to  the  next 
generation.  Therefore,  the  epigenetic 
status  brought  about  by  DME  needs 
not  be  subject  to  a  developmental 
cycle  of  erasure  and  reestablishment 
as observed in mammalian imprinting.
As  is  often  the  case  with  exciting 
discoveries,  these  data  bring  about 
many  new  questions.  Is  the  spec-
trum  of  activity  of  DME  restricted  to 
imprinted  genes  (such  as  MEA  and 
FWA),  or  does  it  act  more  broadly, 
possibly  even  causing  genome-wide 
DNA  demethylation  as  observed  in 
primordial  germ  cells  in  mammals? 
Furthermore, the fact that DME estab-
lishes MEA imprinting by activating the 
maternal  allele  tells  us  only  half  the 
story. One has to also understand how 
the  paternal MEA  allele  is  repressed. 
Again here, Gehring et al. (2006) make 
a  tantalizing  discovery.  Remarkably, 
they find that the maternal MEA expres-
sion silences the paternal copy of the 
MEA gene in the endosperm, the first 
example of an imprinted gene control-
ling its own imprinting. The MEA-medi-
ated silencing seems fully independent 
of DNA methylation  as  it  persists  fol-
lowing  paternal  inheritance  of  loss-
of-function  mutations  of  MET1  (the 
methyltransferase that maintains DNA 
methylation  in  plants).  This  observa-
tion was unexpected because ectopic 
expression of DME in endosperm had 
earlier been shown to partially alleviate 
the paternal  repression of MEA  (Choi 
et  al.,  2002).  It  should be  interesting, 
therefore,  to  determine  whether  the 
absence  of MET1  in  the male  game-
tophyte  induces  a  complete  loss  of 
methylation at the paternal MEA allele. 
This would also address whether cyto-
sine methylation could, at least in part, 
be  the  signal  that  “instructs” MEA  to 470  Cell 124, February 10, 2006 ©2006 Emaintain the repression of the paternal 
allele.  On  the maternal  copy,  in  con-
trast, the MEA protein does not repress 
the MEA gene. Can this be explained 
by the absence of DNA methylation, or 
does DME bring about additional epi-
genetic changes in the central cell that 
prevent repression?
MEA is a histone methyltransferase 
that methylates lysine 27 of histone H3 
(Cao and Zhang, 2004). It  is part of a 
large  Polycomb  repressive  complex 
that includes FIE, a protein that is also 
essential  for  MEA  imprinting  (Autran 
et  al.,  2005).  In  support  of  a  role  for 
histone methylation  in MEA-mediated 
silencing, Gehring  et  al.  (2006)  dem-
onstrate  that  there  is  H3  lysine  27 
methylation  on  the  repressed  pater-
nal  MEA  promoter.  Significantly,  this 
repressive histone methylation was no 
longer detected in the absence of the 
MEA protein. In an independent study, 
it  has  also  been  demonstrated  that 
MEA and associated Polycomb group 
proteins are involved in silencing of the 
MEA  paternal  allele  (F.  Berger,  per-
sonal communication).
MEA-FIE  complexes  are  likely  to 
be involved in the repression of many 
genes.  This  raises  the  question  of 
whether  other  imprinted  genes  are 
controlled by MEA. This was  recently 
shown  to  be  the  case  for  PHE1,  the 
only Arabidopsis gene reported to be 
repressed on its maternal copy (Köhler 
et al., 2005). This maternal silencing is 
fully  dependent  on  MEA  expression 
and  is  established  in  the  central  cell. 
Thus,  at  one  imprinted  gene  (MEA), 
MEA  expression  maintains  paternal-
gene  silencing,  whereas  at  another 
imprinted  gene  (PHE1),  it  induces 
maternal repression. So, what targets 
MEA-FIE complexes to specific genes, 
and why and how does  this occur  in 
a tissue-specific manner? Are specific 
DNA sequence elements  involved, as 
is  the  case  in  flies  (Cao  and  Zhang, 
2004),  and  what  triggers  recruitment 
of these large complexes to the chro-
matin?
The key role of MEA-FIE complexes 
in endosperm imprinting evokes strik-
ing  parallels  with  imprinting  in  the 
mouse placenta. At several genes on 
mouse distal  chromosome 7, mainte-lsevier Inc.nance of  imprinting  in  the placenta  is 
independent  of DNA methylation  and 
is associated with H3 lysine 27 meth-
ylation  (Lewis  et  al.,  2004;  Umlauf  et 
al., 2004). The mouse homolog of FIE 
(called Eed)  is  genetically  required  to 
maintain  silencing  of  some  of  these 
genes  (Mager  et  al.,  2003).  Further-
more,  Eed  and  Ezh2  (the  mouse 
homolog of MEA) are associated with 
the  silenced paternal  chromosome  in 
this region (Umlauf et al., 2004). These 
mechanistic  similarities  provide  an 
example  of  convergent  evolution,  as 
genomic  imprinting  evolved  indepen-
dently in plants and mammals.
Medea  (a  tragic  Greek  heroine) 
thought that she had no other choice 
than  to  kill  her  own  children.  What 
controls  the  MEDEA  gene’s  choice 
to  imprint  itself?  Hopefully,  future 
research  in  this exciting field will pro-
vide us with further clues to solve this 
complex puzzle.
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